In this report, copper zinc tin selenideCu2ZnSnSe4 (CZTSe) solar cell photo conversion efficiency of 4% and 2.2% were achieved by co-sputtered CZT precursor followed by selenization process without any carrier gas flow and with the aid of chemical bath deposited cadmium sulfide (CdS) and zinc cadmium sulfide (ZnCdS) heterojunction companion and its effects related to Se, Sn, Cu elemental loss near to the CdS/ZnCdS and ZnCdS/CZTSe hetero-interface then CdS/ZnCdS and ZnCdS/CZTSe solar cell performance is preliminarily presented and discussed. Especially this work frames a good baseline for obtaining CZTSe absorber without any carrier gas flow during the selenization process and ZnCdS hetero-junction companion consisting of very less cadmium content alternative to the cadmium rich CdS buffer layer for earth-abundant CZTSe solar cells. The present grain based discrete CZTSe p-n junction solar cell device is very useful as a power energy source for micro and nano robot system.
INTRODUCTION
Solar cells based on CdTe and Cu(In, Ga) (S/Se)2 (CIGS) thin film absorber layer have demonstrated major improvements over recent years and are currently experiencing considerable large scale development and production. Recently many frontier research groups dedicated on CIGS solar cell development and their effort lights the laboratory scale photo conversion efficiency reported from 19% to 20 % and the recent world record photo conversion efficiency of 20.8 % was reported by ZSW. Recently there is an increased interest on the fabrication ofCuZnSn (S/Se/SSe) solar cell because of the earth abundant elements participation. In both CIGS and CZTS solar cell case chemical bath deposited CdS hetero-junction partner plays an important role such as (a) absorber layer protection from the plasma damage during the deposition of ZnO and Al: ZnO deposition by sputtering, (b) protect the absorber layer from the environment, (c) an appropriate CdS/(CIGS/CZTS) junction formation with specific barrier height (d) ultra-low cost and low temperature processing (e) superior photo conversion efficiency was reported by many research groups (Ramanathan, 2003; Contreras, 2005; Philip Jackson, 2007; Ito, 1988) . In recent years CZT(S, Se/SSe) solar cell by vacuum and non-vacuum based research and development rapidly increasing because of its cost effectiveness and easily tunable band gap from 0.9 eV to 1.5 eV by fine tuning the elements especially Se to S (Ennaoui, 2009; Schubert, 2011; Shimada, 2007; Qijie Guo, 2012; Liu, 2010) . In particular CZTSe solar cells was widely reported by using reactive sputtering method (Hiroaki Matsushita, 2000) selenization by H2Se gas or selenization by rapid thermal process at high temperatures with controlled carrier gas flow during the selenization or sulfurization process. The present work emphasis the CZTSe thin film absorber layer fabrication by using co-sputtered CZT precursor and RTP selenization without any harmful carrier gas flow and fabrication of ZnCdS hetero-junction companion by chemical bath deposition method and its effectiveness on the CZTSe solar cell device fabrication.
EXPERIMENTAL
Molybdenum (Mo) thin film layer of 1.2 µm were deposited on soda-lime glass substrate by sputtering method and the fabricated Mo/glass substrates were ultrasonically cleaned by ethanol, acetone and water to remove the residues which results the suitable adhesion and MoSe2 quasi ohmic layer formation during the CZTSe thin film absorber layer fabrication. CZTSe thin film absorber layer were fabricated on Mo substrate by co-sputtered CZT precursor followed by RTP selenization at the selenium growth rate of 23 ǺS -1
. The RTP selenization temperature of 500 °C and the duration of selenization process of 10-20 min were optimized from the several attempts made on the fabrication of suitable CZTSe thin film absorber layer fabrication which particular optimized condition utilized for all our CZTSe absorber layer fabrication. ZnCdS hetero-junction companion were fabricated on the CZTSe absorber layer (ZnCdS/CZTSe) by chemical bath deposition (CBD) method to make an appropriate hetero-junction. The aqueous methanol and ammonical base bath comprising of zinc sulfate (ZnSO4), cadmium sulfate (CdSO4), thiourea (CS(NH2)2) in the ratio of 2:(0.1):4at the bath temperature of 70-75°C were employed for the fabrication of ZnCdS layer on top of the CZTSe thin film absorber layer. The fabricated CZTSe absorber layer and ZnCdS fabricated on CZTSe layer were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDX) and Raman spectroscopy measurements to investigate its structural, surface morphology, elemental and optical properties. The high resistive intrinsic zinc oxide (i-ZnO) and transparent conducting aluminum doped zinc oxide (Al:ZnO) layer of thickness 50nm and 450nm were fabricated on ZnCdS/CZTSe structure by widely utilized predetermined sputtering conditions. Finally Al grid pattern of thickness 1µm were fabricated to finalize the CZTSe solar cell structure by using mechanical shadow mask with the aid of electron beam evaporation at the controlled growth rate of 5 ǺS -1 . Proposed Micro and Nano Robot Experimental Model: Usually nano and micro robot system action is vibration, rotation, translation and other combination of these mechanical actions. In this work we proposed a new model for rotation and vibration and translational motion of micro and nano robot simple system for various applications. In this model there are three stages of robot device fabrication; (a) Internal discrete Copper (Cu) metal nano wire grain arrangement, (b) ultra-thin polymer encapsulation layer covering, (c) top micro (or) nano continuous magnet layer fabrication. Taking positive and negative output from discrete Cu metal grains and giving power from CZTSe micro (or) nano cells. Then this nano and micro robotic rotational and vibration assembly started to work.
RESULTS AND DISCUSSION Structural and Surface Micromorphology:
The XRD analysis of the fabricated CZTSe thin film absorber layer were carried out to find the possible structural disorders and residual peak related to the impurity incorporation during the RTP selenization without any carrier gas. Figure. 1, shows the XRD pattern of the fabricated CZTSe absorber at the scan rate of 0.025° per min at room temperature. The observed XRD pattern of the fabricated CZTSe absorber showed an major intense growth direction of (112) plane at 2θ value of 27.125° and other two minor diffraction peak at 2θ value of 45.139° and 53.40° related to the growth direction of (204) and (312) planes. The Mo substrate major and minor diffraction peak position at 2θ values of (110) and (211) plane respectively. The observed CZTSe crystal growth direction are in good agreement with the reported literatures (Olekseyuk, 2002; Lian Guo, 2014; Ahn, 2010) . XRD pattern of the ZnCdS/CZTSe ( Figure. 2), layers showed that there is no significant change on the bottom CZTSe diffraction peaks and two new peaks arrived at the 2θ value of 34.44° and 36.27° which corresponds to the diffraction from the ZnCdS layer. Figure. 3), showed a porous morphology with many pinholes and the SEM cross-section of the fabricated CZTSe absorber exhibited the thickness of around 1.5 -1.8 µm and the cross-view SEM of the total CZTSe device (Al:ZnO/ZnO/ZnCdS/CZTSe/Mo) displayed in the figure. 4. The surface morphology of the ZnCdS/CZTSe structure showed a pinhole free sphere like agglomerated granular surface morphology and the total CZTSe layer covered by ZnCdS layer which confirms the micro level uniform deposition and was shown in the figure.5, which is one of the important prerequisite to fabricate the high uniformity CZTSe solar cell devices. Number of small crystallites combined together and formed one spherical granules and an average size of each sphere like granules in the range of 0.5-0.7 µm. Table. 1, represents the elemental composition of the (a) CZTSe absorber layer, (b) ZnCdS/CZTSe layers and (c) ZnCdS only (CTSe omitted). EDX analysis of the fabricated CZTSe absorber layer showed the Zn/Sn ratio of 2.06 and Cu/(Zn+Sn) ratio of 0.635 which showed the copper poor and zinc rich compound formation. The zinc rich CZTSe formation is one of the important essential requirement to attain the high efficiency CZTSe solar cell and were widely reported by many research groups. EDX analysis of the total ZnCdS/CZTSe layers showed the Zn presence excessively (76.91 atomic %), cadmium and sulfur presented only 2.24 and 1.32 atomic (atm) %. Copper and tin reduced half from the CZTSe absorber composition after the fabrication of ZnCdS layer. The major noteworthy influence of the ZnCdS formation on CZTSe absorber was the dramatic loss of Se from 49.84 atm% (CZTSe absorber) to 6.5 atm%. From the EDX survey of the CZTSe absorber and ZnCdS/CZTSe layers results the heavy elemental loss occurred in our fabricated CZTSe bulk material after the fabrication of the ZnCdS buffer layer on the CZTSe absorber which can play a vital role in the CZTSe solar cell device properties. Figure. 1.65 Raman Spectra Analysis: Raman spectroscopy is very useful tool to get the detailed information related to the possible presence of ZnSe, CuxSe, SnSe2, Cu2SnSe3, CZTSe formation in the fabricated CZTSe thin film absorber layer. Raman spectra were recorded in the wavenumber range of 100-500cm -1 to obtain the detailed information corresponds to the CZTSe absorber and ZnCdS/CZTSe layers. Figure. there was no other notable peaks were observed. Raman spectra of ZnCdS/CZTSe layers showed the newly arrived intense broad ZnCdS peak at the wavenumber of 300.27 cm -1 and the bottom CZTSe layer showed a major and one minor intensity peaks resembled the above said separate CZTSe thin film absorber layer Raman shift. Another CZTSe minor intensity peak at the wave number of 233.4 cm -1 was merged sequentially with ZnCdS peak. The series (Rs) and shunt (Rsh) resistances are 12.55 Ωcm 2 and 82.97 Ωcm 2 andthe fill factor (FF) is 40.3%. The relatively low Rsh, Voc and FF can be attributed to the Cu, Sn and Se elemental loss and morphological disorders after the fabrication of ZnCdS buffer layer on CZTSe absorber layer. Proposed Micro and Nano Robot Power Source Application: CZTSe solar cells has individual grain stacked device structure (ie) device p-n junction is not continuous and just nano and micro grains joined and form p-n junction. So it is very easy to isolate micro and nano level devices using simple mechanical scribing (or) solution based etching method. This micro and nano level solar cell device is very useful for generating micro and nano power efficiency which can easily charge and operate micro and nano robot system.
CONCLUSION
Elemental precursors of Zn, Sn, Cu were co-sputtered and RTP selenizedat 500°C to obtain the device quality CZTSe thin film absorber layer and there was no carrier gas flow during the RTP selenization. The XRD pattern of the fabricated CZTSe absorber showed a kesterite structure with no secondary phase formation. The SEM top-view of the CZTSe absorber layer showed a porous surface micro morphology with many permeable pinholes. EDX analysis of the CZTSe absorber layer showed a zinc rich and copper poor stoichiometry. The XRD pattern of the ZnCdS/CZTSe layers showed no significant change on the CZTSe absorber layer peaks and two new diffraction peaks were identified which originated by ZnCdS layer. The EDX analysis of ZnCdS/CZTSe layers showed a heavy elemental loss of Se, Sn and Cu which might be happened near to ZnCdS/CZTSe interface and space charge region (SCR) which leads the lower Voc, Rsh and FF. The photo-conversion efficiency of 2.2% was achieved by the fabricated CZTSe solar cell device with the n-type ZnCdS hetero-junction partner. Improvement of CZTSe solar cell needs the further investigations related to the suitable modification of less or non-toxic n-type layer and its major influence near to the hetero-interface and SCR region which all are in line. Micro and nano robotic system operating power source application of CZTSe isolated grain based natural device structure proposed and its possibilities explained within our explanation limitation.
